disease within the country has not been well characterized. Currently, cerebrovascular disease and neurotrauma remain the leading contributors to emergency neurological disease in Haiti, accounting for more than 15% of all emergency room (ER) visits. 1 Both of these disease entities significantly contribute to surgically preventable disability and mortality in Haiti. Although the Centers for Disease Control (CDC) estimate that the US has a similar neurological disease burden, the cumulative effect of Haiti's onerous economic challenges, lack of disease prevention, limited availability of modern equipment (implants, advanced imaging, instrumentation, etc.), and poor healthcare access exacerbates outcomes for patients with potentially treatable neurological conditions.
Currently, Haiti has very few formally trained neurosurgeons (4) for a population of 10.5 million inhabitants, which severely impairs healthcare access. Furthermore, formal neurosurgical training may be variable: on one hand, neurosurgeons may have received training in France, whereas others have participated in observerships in neighboring French islands (e.g., Martinique). Currently, the neurosurgeon provider ratio per 100,000 people is approximately 0.04 (more than 20-fold less than that of developed countries like the US). 1, 14 With no structured neurosurgical care outside of the capital, Port-au-Prince, there is a significant need within the country for the development of formal neurosurgical training.
Neurosurgical Disease Burden
In order to estimate the need for neurosurgical training, an appraisal of the neurosurgical disease burden would be necessary. Prior to the earthquake in 2010, a formal estimate of the neurosurgical disease burden within Haiti was not possible. Haiti had no formal system of surveying neurosurgical injuries or diseases in its fragmented hospital systems. To date, few studies have been conducted on the epidemiology of neurosurgical disease within the country. Since the earthquake and the establishment of a dedicated trauma hospital (Hospital Bernard-Mevs/Project Medishare [HBMPM], Port-au-Prince, Haiti), an accurate accounting of neurosurgical disease has become more feasible. With more than 200 trauma patients per month, HBMPM serves a unique role as a trauma center in Haiti, with a significant proportion of the country's neurosurgical disease. 15 Many of the demographic trends and factors described above have contributed, during the past 3 decades, to a growing number of neurosurgical patients presenting at HBMPM with traumatic injuries of the nervous system. Indeed, it is estimated that nearly 20% of all neurological visits in the ER (approximately 3%-5% of all ER visits) require neurosurgical evaluation. 1 Of all cases requiring surgery, approximately 3% required neurosurgery (this figure was as high as 5% immediately after the earthquake). 2 However, these estimates fail to account for elective neurosurgical cases such as pediatric postinfectious hydrocephalus, brain tumors, spinal deformity, etc. Given the current size of the population and these estimates, it is projected that the country would need at least 10-15 neurosurgeons distributed throughout the country to provide adequate neurosurgical care.
Models of Training Programs
Over the past 20 years, several models of educational and training partnership have emerged to address the critical shortage of neurosurgeons in LMICs. While the success of each relies on the concerted effort of multiple partners, each paradigm offers distinct benefits and challenges that are worthy of consideration. These programs will be briefly described here to contextualize the model we have developed in Haiti. These training models may be thought of as belonging to 1 of 3 different paradigms: 1) creation of nongovernmental, private training programs, 2) expansion of existing local training programs, and 3) creation of government-sponsored public-private training programs ( Table 1) .
Creation of Nongovernmental, Private Training Programs
One possible training paradigm for expanding the neurosurgical workforce of LMICs is the creation of a new private training program or initiative in a state-of-the-art facility. This approach may be particularly appropriate when there is no existing local institution or framework delivering the type of training in question. Benefits of this approach include maximum freedom in the design and implementation of the initiative and, when done in a culturally sensitive and socially effective manner, it can provide transformative and enduring solutions to problems of inequity in access to specialty surgical care. Challenges in this approach include the highest start-up and operating costs of all models, and the risk of untoward effects on the local healthcare ecosystem, such as diverting patient care away from existing facilities that serve the same population. Creation of government-sponsored public-private training programs (e.g., Madaktari Africa)
Expansion of Existing Private Training Programs
Another paradigm for neurosurgical workforce development in LMICs is to leverage an existing program at a private facility and expand it through academic twinning with a high-income country (HIC) partner. This approach takes advantage of existing infrastructure and local systems that can facilitate program development. Benefits of this approach include lower start-up costs than those associated with a brand new facility; an opportunity to directly empower an existing local system; and engagement of local program providers, educators, and leadership. 
Creation of Government-Sponsored Public-Private Training Programs
A third paradigm for developing the neurosurgical workforce of LMICs is to integrate a new training program into a government-sponsored HIC-LMIC twinning agreement. This approach is distinct from those mentioned above in that it enlists local governance to develop a residency or fellowship where no prior training program was in place, and it is the approach we have used for the program in Haiti described below. In addition to the benefits of leveraging existing resources, this paradigm directly engages local political stakeholders and frameworks for graduate medical education, which can facilitate autonomy in program development, and ultimately complete transference of the new training program to the LMIC partner. Challenges may include delays in implementation related to bureaucratic processes, or local idiosyncrasies of politics and national governance. One example of this approach is the "train-forward" Neurosurgery Apprenticeship of Madaktari Africa developed at a rural hospital in northern Tanzania, and conducted under a memorandum of understanding with the Tanzanian Ministry of Health and Social Welfare. 3 Evidence from the Madaktari approach demonstrates its effectiveness in empowering local healthcare providers to safely perform an increasing number of neurosurgical procedures with a decreasing risk of complications. Given the program's success, the Madaktari approach has been promoted by the Tanzanian government as an effective means of closing the gap in neurosurgical care until formal residency training programs produce the neurosurgical workforce density required for the country's population of more than 46 million people. 
Creation of a Neurosurgical Residency Program in Haiti
Prior to 2016, formal training in neurosurgery had not been available in Haiti. Previously, neurosurgical care in Haiti was provided by a combination of infrequent international visits from US-trained neurosurgeons and local Haitian neurosurgeons. Among these, the pediatric neurosurgery program based at the University of Miami was the most successful in creating a sustainable neurosurgical education. Since its inception, the pediatric neurosurgery program has offered assessments for thousands of children and operative care for more than 1000 children since 2003 (Sandoval-Garcia et al: A retrospective review of 401 infants treated for hydrocephalus in Haiti, presented at the AANS/CNS Pediatric Section Meeting, 2017). Although there are limited international training opportunities for Haitian surgeons interested in specializing in neurosurgery, those currently providing care in Haiti have had limited mentored surgical training, and they work with only basic instruments, equipment, and supplies. Access to neurosurgical care in emergency situations such as traumatic brain and spinal injury as well as for congenital disorders, degenerative diseases, and tumors of the nervous system is therefore very limited. The lack of available neurosurgical care, particularly for trauma and congenital anomalies, has posed a significant economic and health burden on Haitian society (estimated at $4.3 million USD per year), thereby necessitating the creation of a sustainable neurosurgery residency program (Hubbard et al: Economic benefit of neurosurgical intervention for hydrocephalus in Haiti, presented at the AANS/CNS Pediatric Neurological Surgery Section meeting, 2016).
Over the years, an effort has been made to involve Haitian surgical and pediatric residents in the assessment, operative treatment, and postoperative management of the children at the HBMPM and the state-run hospital. Based on this program, the country's first neurosurgical residency program was forged in 2016 in collaboration with the Haitian Ministry of Health and the medical school of the State University of Haiti (Hôpital de l'Université d'État d'Haiti; HUEH). The program intends to produce one Haitian general surgeon who is fully trained in basic neurosurgery over the course of several years. The overarching goal is to teach fundamental neurosurgical skill sets that are tailored to the needs of the country (neurotrauma, emergency spine surgery, hydrocephalus, basic tumor surgery, etc.).
Hospital Bernard-Mevs/Project Medishare
Since the 2010 earthquake, the philanthropic organization Project Medishare has continuously supported, staffed, and operated a hospital in Port-au-Prince. Although initially operating out of a field hospital near the airport, Project Medishare moved the hospital to HBMPM, where North American volunteers serve on a rotating basis alongside full-time Haitian staff. The hospital has 10 medical/surgical beds, 6 spinal cord beds, 5 ICU adult beds, and 15 pediatric beds (4 neonatal ICU and 4 pediatric ICU). Frequently, volunteers from academic medical centers train Haitian medical, pediatric, and surgical residents; medical students; nurses; and allied healthcare providers. In particular, HBMPM features a similar government-sponsored public-private residency program in pediatrics that has helped provide a framework for our current program. Additionally, the presence of neurosurgeons rotating in on a monthly basis creates the unique opportunity to offer training in basic neurosurgery. Given the fact that the state hospital is currently undergoing renovation after the earthquake, HBMPM has become the flagship surgical hospital within Port-au-Prince.
Curriculum
Given the need for formalized neurosurgical training in Haiti, we have established a curriculum aligned with the goals of the Accreditation Council for Graduate Medical Education International (ACGME-I), with the following objectives: 1) to design a training program that fits the needs of the trainees; 2) to select appropriate training sites to implement the educational activities; 3) to provide fiscal and educational support for the fellows; 4) to establish an appropriate academic framework for the implementation of the residency program; and 5) to provide relevant training that targets the endemic neurological pathology with emphasis on limited resources. This program was modeled after the FIENS curriculum, which has been used to foster self-sustaining neurosurgery residency programs in several countries within Central America, Asia, and Africa.
Surgical Training
The curriculum is geared toward providing neurosurgical training in a wide range of common neurosurgical conditions for which treatment needs are currently unmet (hydrocephalus, congenital disorders, trauma, tumors, and spinal disease). The surgical training is coordinated at 2 major hospitals that are mentioned above: HUEH (undergoing reconstruction) and HBMPM. Surgical training is primarily provided under the direct constant mentorship of the in-country program director (A.H.), and is supplemented by monthly visits from international support teams geared to provide subspecialty training. Subspecialty training from visiting neurosurgeons helps cover basic concepts in the management of the following entities within a resource-limited setting: neurotrauma and critical care, cerebrovascular surgery, neurosurgical oncology, spine surgery, pediatric neurosurgery, surgery of peripheral nervous system, stereotactic/functional neurosurgery, and related disciplines including neurology, neuroradiology, neuropathology, and neuroanesthesiology. With many rotating visiting professors and institutions, a tiered academic mentorship model between both state and private institutions was necessary (Fig. 1) . Since the implementation of this model, neurosurgery has become the mainstay surgical specialty at the hospital, with more than 250 cases per year. With direct mentorship, case volume has been steadily increasing at HBMPM. Case volume mainly consists of emergency neurotrauma and pediatric hydroceph- alus, mostly due to the current infrastructure and epidemiology of neurological disease within the country (Fig. 2) .
Education
Aside from developing technical skills, core competencies and knowledge base are also reinforced through multiple modalities including web-based learning, conferences, formal didactics, and journal clubs. A web-based open-source learning environment was created using MOODLE (moodlecloud.com, Australia), which pairs basic neurosurgical education modules and weekly online assessments. To bolster neurosurgical education, the resident is assigned reading and/or PowerPoints and brief quizzes on neuroanatomy, neuropathology, neuroradiology, neurology, and neurosurgery (adapted from content assessed by the American Board of Neurological Surgery). Table  2 details the web-based modules and case discussions for the neurosurgical resident. Additionally, when resources and internet are available, the resident is encouraged to participate in teleconferences at the University of Miami including departmental grand rounds, resident journal club, morbidity and mortality conferences, etc. Web-based telemedicine video consultations are also frequently offered through our institution, where the resident can review preoperative imaging and decision-making. Fiscal support (salary for resident and program coordinator) is provided through a nonprofit organization (Haiti Healthy Kids, Miami, FL), and resident educational supplies including textbooks, surgical loupes, etc., are largely provided by our institution.
Expected Results
This initiative would allow Haiti to graduate a fully trained neurosurgeon by the end of the 3-4 years of the program and then annually thereafter. This assumes that 1 new trainee will be added each year and, by year 3, there will be a maximum of 3 residents training at HBMPM. Certification of completion will be granted once the resident has met all of the clinical milestones set forth by the clinical competency committee; each resident is evaluated by faculty members during site visits to assess his/her safety, technical skills, and intraoperative decision-making. Additionally, at the end of residency, each resident is expected to complete written and oral examinations (modeled after the written and oral board examinations given by the American Board of Neurological Surgeons). After completion of these requirements set forth in our curriculum, terminal certification will be jointly granted by the National University, Haitian Ministry of Health, and HBMPM. Once the first few neurosurgeons are trained, the former trainees will continue to train and educate future residents/fellows, expanding the neurosurgical training into other urban centers throughout Haiti (e.g., Hinche, Mirebalais, Cap Haitien). Concomitant initiatives to develop structured and adapted neurosurgical units in the regional hospitals in these major population centers across the country will be prioritized as the expertise becomes available. We expect that access of the communities to appropriate neurosurgical care will increase significantly with implementation of this program and that thousands of patients will benefit from this much-needed service over the next 10-20 years.
Conclusions
Although in its infancy, this neurosurgery residency has remarkable potential to develop capacity building within Haiti over the course of several years. However, several limitations including lack of infrastructure, foreign dependency, and fiscal restraints continue to encumber training in Haiti and other LMICs. Nevertheless, with time, reliance on visiting neurosurgeons will subside and a continuous and nurturing training environment may be fostered. Despite the long, arduous path toward sustainable neurosurgery training in Haiti, the innumerable benefits of this program will undoubtedly fortify the Haitian healthcare system within the next few years. 
